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output from a chemistry transport model, a health impact model and other impact models 26 within a multi-criteria decision analysis (MCDA) framework. As a proof-of-concept, the 27 MCDA framework is used to evaluate and compare idealised emission reduction policies in 28 four sectors (combustion in energy and transformation industries, non-industrial 29 combustion plants, road transport and agriculture) and across six outcomes or criteria 30 (mortality, health inequality, greenhouse gas emissions, biodiversity, crop yield and air 31 quality legal compliance). To illustrate a realistic use of the MCDA framework, the relative 32 importance of the criteria were elicited from a number of stakeholders acting as proxy 33 policy makers. In the prototype decision problem, we show that reducing emissions from 34 industrial combustion (followed very closely by road transport and agriculture) is more 35 advantageous than equivalent reductions from the other sectors when all the criteria are 36 taken into account. Extensions of the MCDA framework to support policy makers in practice 37 are discussed. 
57
CEA is mainly used when the policies are assessed against two criteria: monetary (e.g. cost 58 of the policy) and non-monetary (e.g. effectiveness or benefit of the policy such as health 59 gain). A cost-effectiveness ratio (cost per unit gain) is calculated for each policy and is used 60 as the metric for comparative evaluation; the policy with the lowest ratio is deemed to be 61 the most cost-effective. CBA is similar to CEA except that the non-monetary criterion is 62 monetised and the ratio of cost to benefit becomes dimensionless, which eases comparison. 63 CBA can cater for more than two criteria because all the non-monetary criteria are 64 monetised. MCDA is different from CEA and CBA in one important aspect: the comparative 65 evaluation between policies is carried out across several criteria without the need to 66 monetise the criteria i.e., the criteria are maintained in their natural units. Browne 
85
The paper is structured as follows. Section 2 describes the methods used in this study.
86
Section 3 gives the results of the MCDA analysis. Section 4 highlights the main findings and 87 discusses the merits and challenges of this approach in theory and practice, and the final 88 section concludes. The paper is supported by five technical appendices. lowest total impact is deemed to be the "optimal policy". Conversely, if the impacts are 109 benefits then the policy with the highest total impact is the "optimal policy". 110 The theoretical details of the MCDA method are provided in Supplementary Material A to E. Max daily 8 h mean 1 Jan 2010 25 day averaged over 3 years 214 NO 2 is also an important pollutant in terms of legal compliance, but due to its short lifetime, 
Results

274
In this section, the results of the survey questionnaires of ranks and the associated 275 aggregated weights are presented, followed by the calculated impacts of the air quality 276 policies on the selected criteria and the MCDA outputs. 
Survey questionnaire
278
There were 15 respondents overall, the majority of whom attended the MCDA stakeholder 279 workshop (approximately 65% response rate). Figure 1 shows the distribution of the 280 rankings for each criterion. To reiterate, rank 1 means that the criterion was deemed to be 281 the most important and rank 6 means that the criterion to be the least important. Taking   282 mortality as an example, fourteen respondents gave it rank 1 and one respondent gave it 283 rank 2. For Biodiversity, two respondents gave it rank 2, one gave it rank 3, six gave it rank 4, 284 three gave it rank 5, and 3 gave it rank 6. 
Mortality
314
We calculated mortality impacts applying the life table model to the simulated air pollution 315 levels for 2010. Table 2 shows that both overall, and for each SNAP sector, the most deprived parts of the 341 population are exposed to higher levels of PM 2.5 , and that there is an (almost monotonic)
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17 increase in exposure for each sector as deprivation rises. 
Greenhouse gas emissions, biodiversity and crop yield
353 Table 4 gives CO 2 -equivalent emissions (measure of greenhouse gas emissions), the N- It is shown that for CO 2 -eq emissions, SNAP 1 (industrial combustion plants) contributes 360 around 34%, followed by SNAP 7 (road transport) 20%, SNAP 2 (non-industrial combustion Table 5 gives the number of 5km grids for which O 3 and PM 2.5 exceeded the permitted levels 369 in 2010 according to the definitions in Table 6 gives the normalised impacts across all criteria. The entries in Table 6 are obtained as follows. The highest mortality impact is 283084 YLLs 395 which corresponds to the baseline (Table 2 ). All other mortality impacts are normalised by 
